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Webster and Clow (1) were the first to note that frank pneumonia 
could be consistently produced in unprepared mice.  In addition,  a 
certain  number of  resistant  mice  infected intranasally  developed  a 
cervical adenitis which might be acute or chronic but which resulted 
finally, in nearly every case, in septicemia and death with or without 
pneumonia.  This  suggested  that  the  pneumococci  may  enter  the 
body through the mucosa of the nose, pass to the lymphatics and so 
into the blood, and that the pneumonia may be secondary to a bac- 
teremia.  In the resistant mice the organisms are held up in the node, 
multiply, and produce an adenitis.  Such ideas  formed the basis for 
the present inquiry into the pathology  (2)  and  pathogenesis of pneu- 
mococcus infections in mice. 
Even as soon as it was established  that the pneumococcus is the chief cause of 
pneumonia  in man, the controversy as to the pathogenesis of the lesion produced 
by this  organism  began.  The literature  is very extensive  and, therefore,  apart 
from papers dealing  with general  principles,  only those reporting work on mice 
will be discussed here.  Fraenkel  (3), in his original paper on the pneumococcus, 
described  pneumonia  in one rabbit given pneumococci subcutaneously.  It was 
the experience of the majority of workers in the next twenty years, however, that 
pneumonia could only be produced in animals by the introduction of the pneumo- 
cocci into the upper respiratory tract; and, as a  result,  Wadsworth (4) in  1904 
stated that intravenous and, indeed, all methods giving rise to a primary general 
infection, with a few uncorroborated exceptions, failed to give rise to pneumonia. 
A search of the literature  from 1886 until the present time shows that pneumonia 
has been produced through a primary general infection in very few cases.  Apart, 
indeed,  from Fraenkel's  one rabbit,  only one other case,  that  of Schultz  (S), 
carries any conviction.  It should be stated, however, that while positive reports 
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are few, negative ones,  those  namely in which  a  primary general  infection  was 
induced  and failed  to give  rise  to any pneumonia,  are also scanty.  It is now 
recognized, moreover, that pneumonias in animals may be produced by the paren- 
teral inoculation of microorganisms other than pneumococci, as witness the work 
of Sisson and Walker (6)  and Webster  (7). 
Both as a result  of the work discussed above and because it was felt  that in 
man the infection certainly  occurred through the respiratory tract, attention was 
paid  to  this  portal  of entry.  The most recent  method adopted  has been  the 
instillation  of a culture of pneumococci into the nose by Neufeld and Tulczynska 
(8) and Webster and Clow (1). 
Since  the  introduction  o~ pneumococci  into  the  respiratory  tract  produced 
pneumonia,  where in the tract did the invasion of the microorganisms take place, 
and by what route did they reach the alveoli?  It was known that the organisms 
could invade from the lower trachea and bronchi and produce  pneumonia  when 
introduced into the respiratory tract at this point, as witness the work of Lamar 
and Meltzer  (9), TerreU, Robertson,  and Coggeshall (10), Blake and Cecil (11, 12), 
and Kline  and Winternitz (13, 14). 
On the other hand, Neufeld  and Tulczynska (8) believe  that when mice are 
infected intranasaUy with pneumococci, infection may occur through the mucosa 
of the nose.  They do not report the production of pneumonia,  but StiUman and 
Branch (15) and Grifl~th (16) were able to produce pneumonia  in previously pre- 
pared mice by spraying,  while Webster and Clow (1) were the first to obtain def- 
inite pneumonia consistently  in untreated mice by intranasal instillation  of pneu- 
monia.  Stillman and Branch thought that in their  mice the  initial  lesion  was 
in the alveoli, but they noted cases in which there was only a serofibrinous pleurisy. 
In a later paper (17) they recognize the possibility  that the infecting agent may 
reach the alveolar  wall by the blood stream. 
Clark  (18) was able  to show in rabbits that potassium  ferrocyanide  and iron 
ammohium citrate could pass  within  an hour through the mucosa of the nose 
entering  into the perineural  sheaths  to pass to the brain,  into the lymphatics to 
pass to the cervical nodes, and, to a  lesser demonstrable  extent,  into the tissue 
spaces  and blood vessels themselves.  He noticed  that passage occurred almost 
entirely  through the olfactory as  compared  to  the  respiratory mucosa.  There 
has been no other satisfactory study of the mechanism and rapidity of absorption 
through the mucosa of the nose and upper respiratory tract. 
It has been shown repeatedly  that as a result of exposing animals to a spray of 
infected culture,  many organisms rapidly reach the lungs.  Wherry and Butter- 
field  (19) found B.  enteritidis in the lungs  of mice  after 30 minutes' spraying. 
Stillman  (20) found that the lungs of mice contained pneumococci after 10 to 15 
minutes' spraying with pneumococci which persisted  up to 3 hours.  Lange and 
Keschichan (21) found pneumococci plentiful in the lungs of mice after 30 minutes' 
spraying,  and Lange and Nowosselsky (22) found them in the lungs immediately 
after 15 and 30 minutes' spraying.  There is also considerable evidence as to the 
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Field,  and Drinker (23) showed that particles  of nickel and magnesium  silicate, 
injected  into the trachea, reached  the alveoli promptly and the bronchial  nodes 
in less than an hour.  StiUman (24) found pneumococci in the blood culture in 
two out of six alcoholized mice sprayed and killed at the end of an hour.  Frequent 
positive blood cultures  appeared  at 6 hours or later.  Normal unalcoholized mice 
did not show positive blood cultures.  On the other hand, Lange and Nowosselsky 
(22) were unable  to obtain positive blood cultures  at any time between  1 and 48 
hours after spraying mice with pneumococcus cultures.  Neufeld and Tulczynska 
(8), Stillman  and Branch (17), and also Robertson,  CoggeshaU, and TerreU (25) 
recognize  the  possibility  of  transient  bacteremias  that might escape  notice in 
scattered blood cultures. 
A further debated point has been  the route by which the pneumococci,  once 
within the body, reach the alveolar walls to produce the lesion.  Of course, those 
who bdieve that infection occurs through the walls of the alveoli think that the 
organisms  produce the  first  changes  either  before  they pass  into  the  alveolar 
wails or when once within  the alveolar walls.  If, however, the infection occurs 
at some other point in the respiratory tract, the organisms may reach  the lungs 
either  through the bbod stream or the lymphatics.  Owing to the very scanty 
evidence that pneumonia can be produced by direct infection of the blood stream, 
the first  possibility  has been  largely  discounted.  The lymphatic route, on the 
other hand, has received support from Blake and Cecil (12) and Permar (26) who 
believe  that invasion  occurs in the main bronchi  and that there is a  retrograde 
spread  of the infection back through the lymphatics to the alveolar waUs.  The 
studies  of Cunningham  (27), Kampmeier (28), and especially of Miller  during 
many years (29) in several animals have made clear the direction  of lymph flow 
in the lung. 
The lymphatics may be divided  into a  superficial pleural  plexus and a  deep 
plexus  along  the blood vessels and bronchi which  are connected  by occasional 
channels.  In the superficial plexus the flow is eventually into larger trunks which 
empty into nodes at the hilum.  The flow in these larger  trunks is directed  by 
valves  whose concavity faces to the hilum.  In the deep  plexus  the lymphatic 
vessels  run  on  the  bronchi  and  blood vessels,  communications  between  these 
various  networks  being  frequent.  Miller  (29) has  shown  that  the lymphatics 
end on the ductuli alveolares and that there are no lymphatics in the walls of the 
alveoli.  The valves  in this  deep  plexus are arranged  so as to ensure  that the 
lymphatic flow shall be towards the nodes at the hilum. 
This disposition  of the valves  in the lymphatics would seem to exclude the 
possibility of reverse or to and fro flow in these channels.  Even should a retro- 
grade flow be possible, the infection could not reach the alveoli themsdves without 
passage through the lymphatic wars. 
Wadsworth (4) was the first to introduce  the important concept of a hahnce 
between  the virulence of the organism and the resistance of the host in the pro- 
duction of pneumonia.  Grifl3th (16) also pointed out how dependent  the pro- 
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quality of the culture used as apart from the intraperitoneal virulence.  Webster 
and  Clow  (1)  point out  that  the response of mice to intranasal  inoculation  of 
pneumococci varies with the resistance of the host and  the intranasal virulence 
of the  strain  of organisms.  This concept  of  the  balance  between  the  various 
powers of the pneumococcus and the general resistance of the host is of the greatest 
importance in the production of pneumonia in mice, as will be pointed out. 
TABLE  I 
Minutes  Hours 
Cervical nodes., o/41o/41o/41o/41o/~ 
Inguinal nodes., o/41o/41Ol41O/41o/~ 
Trachea ........  3/311/312/311/312/3 
Lung  ...........  017141714171117111~ 
tteart  ..........  017121710171017111~ 
Spleen ..........  017  21710171017t11~ 
Kidney .........  0/7 2/7 0/7 0/7 1/1~ 
o/2 o/3  --  Ol3[~1Ol21O/31o/41o/1 
0/2 013  --  o/31Ol3tO/21Ol31Ol41O/1 
1/3 --10/311/31-12/31--t2/31- 
3/5 213111415181113 1/5 2/3 3/8 1/1 
0/5 1/3 0/4 3/81o/31o/512/3tl/81o/1 
0/5 2/3 0/4 1/8 0/3 0/5 1/311/8/o/1 
0/5 1/3 0/4 1/8 113 0/5 213 1/8/0/1 
o/21o/1 
0/210/1 
3/31  - 
o/Sill1 
1/SLO/1 
0/s 0/1 
o/s  o/1 
2~ 
0-/20/2 
0/20/2 
o13013 
0/61/6 
1/60/6 
0/60/6 
0/60/6 
Unselected albino mice killed by chloroform. 
The figures shown  represent  the number of positive cultures/the  number of 
cultures made. 
TABLE  II 
Organ 
Trachea  ................................. 
Lung .................................... 
Heart ................................... 
Spleen ................................... 
Invasion of blood (heart and spleen) ........ 
Minutes 
~  ___L__  ~  ,, 
9/11  [  10/12  I  8/12  I  7/12 
3/11  ]  2/12  I  6/12  I  2/12 
3/11  I  2/12  I  6/12  I  2/12 
2/11  1/12  2/12  3/12 
4/11  3/12  7/12  4/12 
Swiss mice killed with clamp. 
In summary, it can be said that three possible routes by which the 
pneumococci reach the  alveolar  walls  to  produce  the  pneumonic 
lesion  have  been investigated.  These are: direct transport  to  the 
alveoli  through the respiratory tract, a hematogenous infection, and a 
lymphatic infection.  Of these, the second is generally thought not 
to have any importance.  A certain amount of negative evidence has 
been brought forward to show that a blood stream infection cannot OEOrF~Y RAgZ  195 
produce pneumonia, but there is some slight evidence to suggest that 
it  can.  It has  been shown that  particles  can be  rapidly absorbed 
through the olfactory mucosa of the nose.  The lymphatic spread is 
upheld chiefly by those who believe that the point of invasion is the 
walls of the large bronchi.  The organisms, having passed the mucosa, 
are presumed to enter the lymphatics and pass in a retrograde direc- 
tion to reach the alveolar walls.  There is, however, some anatomical 
evidence which renders such a  method of spread  doubtful.  Pneu- 
monia can be produced when the pneumococd reach the alveoli them- 
selves  in  any  manner  through  the  respiratory  tract.  Under  such 
circumstances,  the  organisms,  in  common  with  other  animate  or 
inanimate  particles,  quickly  penetrate  the  alveolar  walls.  Once 
inside  the  walls,  the  organisms  spread  either  through  the  tissues, 
through the  lymphatics,  or  tMough  the  blood  vessels.  Finally, 
there has developed the concept that in order to produce infection and 
pneumonia in the host there must exist a particular balance  between 
the invasiveness and virulence of the organism on the one hand and 
the relative local and general susceptibility of the host on the other. 
RESULTS 
As  a  first  step  in  the  .investigation  of  the  pathogenesis,  it  was 
determined from which organs  pneumococci, dropped into the nose, 
could first be cultured.  The material and technique employed were 
those already outlined elsewhere (2). 
Mice were inoculated intranasally with a  heart's blood culture of Type III 
pneumococci, undihted or diluted  1/100 in saline.  In early experiments they 
were killed at stated intervals thereafter by chloroform anesthesia and later by 
clamping a heavy clamp across the neck as high up as possible.  This clamp 
macerated the cervical cord and closed off the trachea, causing rapid death with 
no agonal gasping respiration.  Cultures were taken, with sterile precautions, of 
cervical and inguinal nodes, heart's blood, trachea, periphery of the lower lobe 
of the lung, spleen, and kidney, which were minced with scissors and placed in 
pneumococcus broth.  Each tissue, of course,  contained blood, and if the blood 
were heavily infected, the results were equivocal.  The results of all the experi- 
ments are given in Tables I and II. 
Pneumococci  in the Lower Respiratory Tract 
It will be seen from Table  I  that  the cervical nodes never gave 
positive  cultures.  It  is  possible  that  organisms  may  have  been 196  PNEUMOCOCCUS INFECTIONS IN  MICE 
present in the nodes, especially later, but in numbers too small to be 
demonstrated by the method adopted.  On the other hand, the other 
organs  showed  positive  cultures  surprisingly  early.  This  was  es- 
pecially true of the respiratory tract--the trachea and lung.  Both 
of these gave positive cultures within the first minute or  two,  and 
continued to  give  frequent positive  cultures  during  the  first hour. 
Later, the organisms could not be demonstrated so readily. 
That  the  positive  cultures from  the  trachea  are  not  due  to  the 
presence of organisms in the blood is shown by the greater frequency 
of the former than of the latter.  Reference to Table III, the protocol 
TABLE III 
Mouse No.  Time  Trachea  Heart  Lung  Spleen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
m/.. 
1 
1 
1 
3 
3 
3 
5 
5 
5 
11 
11 
11 
++++ 
++++ 
++++ 
+++ 
++++ 
++ 
+++ 
+++ 
+++ 
++ 
++++ 
++++ 
++++ 
0 
+ 
0 
0 
0 
0 
+. 
+ 
0 
+ 
++++ 
++ 
0 
0 
0 
++ 
0 
0 
0 
0 
0 
++ 
0 
o 
0 
++ 
0 
0 
0 
0 
0 
0 
0 
+ 
0 
of a  single experiment, makes this point clearer.  In considering the 
comparative number of organisms which could be  demonstrated, it 
should be remembered that the amountof blood used in the heart's 
blood culture is at least 100 times as much as that includedin the small 
piece of trachea taken for culture.  That positive lung cultures are due 
to some extent to positive blood cultures is more likely.  However, if 
reference be made to Table III it will be seen that the two organs do 
not necessarily show positive cultures at the same time, and this has 
been true in all of the experiments.  A certain number of positive lung 
cultures therefore represent pneumococci in the alveoli as apart from 
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Pneumococci in the Blood 
If  reference  be  made  again  to  Tables  I  and  II,  another  fact  is 
immediately obvious--namely, the surprisingly early positive cultures 
from  the  heart's  blood,  the  spleen,  and  the  kidney.  The  positive 
cultures  from  the  latter  organs  represent,  of  course,  blood  stream 
infection.  It will be noticed that organisms can be found in the blood 
as early as they appear in the lower respiratory tract,  thus pointing 
to a  rapid invasion of the tissues and blood stream by the pneumo- 
coccus.  This observation was further investigated. 
Mice were inoculated intranasally  and blood cultures  were taken  at stated 
intervals from the tail.  A sterile 1 cc. pipette with a fine internal bore at the tip 
was used for each culture.  This pipette was hdd in a clamp with its tip down- 
wards while the other end of the pipette was connected, by means of rubber tubing, 
with a 2 cc. pipette.  When blood was to be taken, the tail was sterilized, the tip 
cut off and the first drop of blood wiped away with a sterile sponge.  The tip 
with a fresh drop of blood was then brought close to the tip of the pipette, and 
blood flowed into  the latter by capillary attraction.  More blood could be ob- 
tained by withdrawing the plunger of the syringe.'  About 0.05 co. was taken for 
each culture  and was expelled into  the tube containing 1 co. of pneumococcus 
broth. 
Experiments were conducted with five breeds of mice: resistant,  susceptible 
and  unselected  albinos, white-face, and  Swiss mice. Type III  cultures  were 
used in all tests because this type has proven itself most frequently intmnasally 
virulent and because it is most easily recognizable in culture. 
Table  IV  gives  the  results.  The  columns  show  the  percentage 
number of mice with bacteremia at any time, and  the percentage of 
deaths  in  any breed.  The  bacteremia is further  analyzed  into  two 
parts:  (1)  the  bacteremia  during  the  first  10  minutes,  and  (2)  the 
bacteremia  from 24 hours  to death.  It will be noticed in  the  first 
place that 32.9 per cent of all mice tested gave positive blood cultures 
during  the first  10 minutes  following  inoculation.  This  result  had 
been foreshadowed by the results already expressed in Tables I  and 
II, but the figure  is  nevertheless surprisingly high.  When it is  con- 
sidered that  the technique is by no means certain  of demonstrating 
very small numbers of organisms,  and that the single drop of blood 
taken might  well not contain  the one or two organisms which have 
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will be realized that this figure represents only the lowest estimate of 
early bacteremias that occurs.  It is possible that all of the mice have 
this early bacteremia but that the present technique is incapable of 
demonstrating it with greater frequency. 
The analysis of the bacteremia shows, moreover, that while the cor- 
relation between the percentage mortality in the different breeds of 
mice and the percentage of late bacteremia is very close, there is no 
such correlation with the early bacteremias.  Thus,  the early bac- 
teremia has little if any bearing on the ultimate outcome of the inocu- 
lation, whereas the later cultures represent a septicemia and indicate 
a fatal outcome.  This lack of significance of the early bacteremia and 
TABLE  IV 
Comparison of Bacteremia in Different Strains  of Mice  Following an Intranasal 
Instillation  of Pneumococci, Type HI 
Strain of mice 
White-face  .... 
Swiss. 
Bacteria resistant. 
Bacteria susceptible. 
Unselected... 
Total ........ 
No. of 
mice 
25 
24 
25 
25 
38 
137 
Bactere- 
mia 
any time 
per cent 
88.2 
66.6 
52 
64 
81.6 
71.5 
Bactere- 
mia within 
10 rain. 
per cent 
48 
25 
28 
32 
31.6 
32.9 
Bactere- 
mia 24 hrs. 
to death 
#er cenl 
83.3 
38.5 
50 
61.6 
59.4 
Died 
#ercen~ 
84 
96 
36 
44 
81.6 
69.4 
the serious import of the later septicemia are brought out by Table V, 
the protocol of one of the  experiments.  It  is  seen that  the early 
bacteremia occurs with the same frequency in all breeds, for six white- 
face, six resistant, and five susceptibles give positive cultures during 
the first 10 minutes.  This, however, has no relation to the mortality 
since  seven  white-face,  no  resistants,  and  three  susceptibles  died. 
On the other hand, the later invasion of the blood stream, in those 
cases in which it was tested,  corresponds closely with the ultimate 
outcome. 
Since bacteremia occurs so rapidly, there can be little doubt that 
the pneumococci are able to penetrate the mucosa of the respiratory 
tract with great rapidity and in this way to gain the tissues and the Ov.Or:FRv.X RAX.E  199 
blood  stream.  The  speed  with  which  such  invasion  occurs  would 
seem to indicate that in this case, at least, the organisms penetrate the 
undamaged  mucosa  by  themselves  and  not  within  the  bodies  of 
TABLE  V 
Comparison of Bacteremia in Different Strains  of Mice FoUougng an Intranasal 
Instillation of Pneumococci, Type III 
Strain of 
mice 
i~?hite- 
face 
Bacteria 
resistant 
Bacteria 
suscep- 
tible 
1 
Seq onds 
+ 
1 
+ 
i 
+ 
i 
+i 
I 
i 
Time, after injection, of taking blood culture 
Minutes  I  Hours 
+ 
+ 
++++  D 
+  ++  +  i++++++++  ++  D 
+  ++  0  D 
+  +  o  o  D 
o  o 
+  +  ++  o  o  D 
+  ++  0  0  D 
++  +  0  0  D 
i 
i+ 
+ 
+ 
0 
+  o 
+  +  o 
+  o 
o  o 
+  +  +  o  o 
+  +  +  o  o 
+  +  ++  o  o 
++++  D 
++  ++  o  o 
++  ++  +  o  o  D 
+  o  o 
++  o  o 
+  +  ++  o  o  D 
++  o  0 
Blank spaces --- blood culture sterile;  +  =  slight; ++  =  moderate;  +  +  +  +  = 
abundant; 0  -- no culture taken.  D  =  mouse died. 
phagocytic  cells,  although  it  is  generally  held  that  the  majority  of 
particles introduced into the alveoli are taken up by "dust" cells and 
enter  the  tissues  inside  these  cells.  There  is  no  indication  at  the 200  PNEUMOCOCCUS  INFECTIONS  IN  MICE 
moment, however, as to the exact manner in which this invasion takes 
place. 
Point of Invasion 
Of  great importance in  the  consideration of the pathogenesis of 
pneumonia in mice is the question as to the point at which invasion 
actually occurs.  It has been shown that, with the technique of in- 
tranasal inoculation adopted, the organisms reach both the lung and 
blood stream almost immediately.  The question is, therefore, which 
tissues are first invaded--those of the lower respiratory tract or those 
of  the  nose  with  subsequent  invasion  of  the  lung.  The  work  of 
Silvast (30) and others has already demonstrated that invasion of the 
tissues and lymphatics of the lung by passage through the alveolar 
wails was a matter merely of a  few minutes.  One cannot, however, 
ignore the possibility that  some invasion occurs through the nasal 
mucosa.  Neufeld and Tulczynska (8)  believed that some infection 
took place here, and Clark  (18)  showed that the absorptive powers 
of the olfactory mucosa are very good.  The occurrence of cervical 
adenitis while all the other peripheral nodes are unaffected, which we 
have  described,  points to  an  invasion at  some point in  the  upper 
respiratory tract, as perhaps does also the very rapid appearance in 
the peripheral blood. 
The chief reason perhaps for believing that invasion by the pneu- 
mococci of the upper respiratory tract, if it should occur at all, was 
unimportant in  the pathogenesis of pneumonia was the  belief that 
pneumonia could not be produced by any method causing a primary 
general  infection,  that  is,  intravenous or  subcutaneous inoculation 
and the like. 
ttemalogenous Pneumonia 
Wadsworth  (4)  had  emphasized  the  importance  of  obtaining  a 
balance between the virulence of the organisms and the resistance of 
the  host.  He  pointed out that,  unless this were done, pneumonic 
lesions probably would not be produced.  It seems, however, that no 
investigator has ever  applied  this  suggestion to experimental pneu- 
mococcus infection by any other route than that of the upper respira- 
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Work  on the  production of  pneumonia by  means  of  intranasal 
inoculation (1, 2) has shown that the careful choice of both strain of 
organism and breed of mice is essential if pneumonic lesions are to be 
obtained.  If strains which have not been tested previously for their 
intranasal virulence be used indiscriminately as they reach the lab- 
oratory  from the  clinic,  it  will be  found that,  if Type III  strains 
be omitted, the majority, no matter how high their intraperitoneal 
virulence may be, will fail to produce death or disease in the most sus- 
ceptible breeds of mice on intranasal inoculation.  The breed of mice 
also is an important factor (Table VI).  This knowledge was applied 
to the study of hematogenous infections. 
It was probable, on theoretical grounds, that if the virulence of the 
organisms was too high or the resistance of the host too low, death 
TABLE  VI 
Comparison of Different Breeds of Mice Following Intranasal Instillation  of 30,000 
Pneumococd 
]PneuH1o- 
coccus type 
III 
xIx 
Mouse strain 
Bacteria resistant 
Bacteria susceptible 
Bacteria resistant 
Bacteria susceptible 
No.  tested 
20 
20 
20 
20 
Pneumonia  No. dead 
5 
13 
2 
1! 
Per cent 
dead 
25 
65 
10 
55 
would be so rapid that no lesions would have time to develop in the 
lung, whereas an organism of low virulence or a  host of very high 
resistance might preclude the development of any lesion whatsoever 
and the mouse would survive.  Preliminary experiments soon showed 
that such was indeed the case.  Thus, all the mice, even the most 
susceptible breeds,  would survive and  remain well following intra- 
venous doses of virulent strains of pneumococci when these doses were 
too small, or would survive and remain well following relatively large 
doses of pneumococci of low virulence.  On  the  other hand,  large 
doses of virulent strains in any breed of mice caused death so rapidly, 
i.e.,  within 20  hours, that the lesions did not develop.  Moreover, 
certain breeds of mice, especially the more resistant, were less prone 
to develop pneumonia under any circumstances.  However, when the 202  PN~UMOCOCCUS  INFECTIONS  IN  MICE 
dose and virulence of the organisms were so regulated to the relative 
resistance of the host that the latter survived about 2 days or longer 
and then died, it was found that pneumonia developed. 
Technique 
All intravenous inoculations  were made into the tail vein, in 0.5 cc. amounts, 
through a 27 gauge ~  inch needle. 
Four strains of pneumococci were used.  Of these, three, i.e. Type 
II,  Type  III,  and  Type XIX,  were  virulent  intraperitoneally  and 
intranasaily,  while  the  fourth,  a  Type  I,  was  virulent  only  intra- 
peritoneally.  Resistant,  susceptible,  and,  on  one  occasion,  Swiss 
mice were used. 
As far as concerns the lesions in the lungs, there was little difference 
to  be noted between  those produced by the  four different types  of 
pneumococci employed.  Nor was there any essential difference in the 
breeds of mice.  Indeed, the lesion appeared to be dependent directly 
on the length of survival time following inoculation and on that alone. 
The pulmonary changes will therefore be described as a  group. 
Macroscopically,  consolidation  was noted in twelve out of the 87 mice,  and 
serofibrinous  pleurisy seventeen times.  Marked generalized  congestion of the 
lungs was commonly found. 
Microscopically,  six of the 87 mice showed no lesions of any sort.  Seventeen 
showed early and 55 more advanced lesions.  These consisted of the collection of 
fluid, monocytes, and polymorphonuclear leucocytes in the interstitial tissue  of 
the alveolar septae, resembling  the early lesion described  in Type III intranasal 
infections.  This lesion developed and in the advanced stages  the alveolar walls 
were many times their original thickness  due to the infiltration of fluid and cells, 
many of the latter being polymorphonuclear leucocytes (Figs.  1 and 2).  The 
advanced interstitial lesion was associated  in many cases with an exudate of fluid 
and a  few cells into the alveoli  (Figs. 3 and 4).  In no case did the number of 
leucocytes in the alveolar exudate become so great that  the exudate was  pre- 
dominantely cellular.  This fact was due presumably to the relatively short sur- 
vival time which  in no case exceeded 4 days, for the other lesions were indis- 
tinguishable  from the first three stages of the pneumonia produced with Type III 
pneumococci introduced into the nose (2), and there is no reason to suppose they 
would not progress similarly.  In the Type I  intravenous infection, perivascnlar 
lymphatic dilatation was not observed but it was present with the three other 
types and  the  dilated  lymphatics were filled  with  fluid  and  cells.  The sero- 
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pleura being covered with a thick layer of cells and fibrin and the pleural cavity 
filled with gelatinous or clear fluid. 
With regard to the lesions in the other organs, it was found that they differed 
in infections due to different types of pneumococci and that there were also differ- 
ences in the two breeds of mice.  The cervical nodes were never affected, thus 
demonstrating that the lesions noted in the intranasally infected group were due 
to penetration of the organisms through the mucosa of the upper respiratory tract. 
The spleen showed necrosis of the follicles in both Type III, in which  the sus- 
ceptibles were most affected and the Swiss least, and in the Type XIX infection 
in which nine out of ten susceptibles were affected and only one resistant mouse. 
The lesion was usually so advanced that it could be recognized macroscopically. 
No necrosis of the follicles or other lesion was noted in the Type I and II infections. 
Necrosis of the liver was noted in all four types.  In one, the Type II infection, 
the lesion was  more pronounced in the susceptible  than in the resistant mice. 
The kidneys were normal in Type III infections  in complete accord with past 
experience  (2,  31,  32);  they showed  acute diffuse  nephritis infrequently, and 
lesions of the convoluted tubules rather more frequently, in Type I and Type II 
infections;  and acute diffuse nephritis was present in nearly every case of Type 
XIX infection.  No difference in the degree or type of change in the kidney was 
noted in the different breeds of mice. 
Serofibrinous peritonitis was found in three out of the twenty mice inoculated 
with the Type I  strain. 
Pneumonia,  therefore,  can  be  produced  in  mice  when  the  pneu- 
mococci are  introduced by the  intravenous  route.  At  present,  the 
only factors known  to  be  important  are  the  choosing of the  strain 
of organism, the dose given, and the breed of mice, in such a way that 
death shall not occur too rapidly.  If survival be a  matter only of a 
few hours, pneumonia will not have time to develop.  In the investi- 
gation described above, it was found that lesions very rarely occurred 
when the survival time was under 30 hours and, on the other hand, 
that almost all of the mice which failed to show any signs of localization 
in the lungs died in less than 20 hours.  The pneumonia did not vary 
significantly with the various serological types of organisms used and 
was  produced as  readily with  a  strain  of no intranasal  virulence as 
with  one  of high  intranasal  virulence.  In  general,  the  picture  re- 
sembled the first stages of that produced by a  Type III strain when 
inoculated  intranasally.  The  advanced  stages  of  pneumonia  with 
marked  cellular exudate were very rarely seen,  presumably because 
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DISCUSSION 
It has been shown that pneumococci dropped into the uninjured 
noses of unprepared mice are able to produce pneumonia with a fre- 
quency depending on the virulence of the organism and the relative 
susceptibility of the host.  The importance of the balance of both of 
these factors in experimental pneumonias has been  long recognized 
(4), but it is only recently that the further important factor of the 
intranasal or respiratory tract virulence as compared with the intra- 
peritoneal virulence has been recognized (1, 16).  If Type III strains 
be omitted, it is found that the great majority of other pneumococcus 
strains,  whatever their intraperitoneal virulence, lack the power to 
invade and cause disease or death when dropped on the uninjured 
mucosa.  Such strains are useless for the production of pneumonia 
intranasally in mice and may explain many of the reported failures to 
produce pneumonia in mice not previously treated in some way or 
other. 
The  frequency  with  which  pneumonia can  be  produced in  sus- 
ceptible breeds of mice with these pneumococcus strains of high in- 
tranasal  virulence has  made it  possible to  attempt  an  analysis of 
the pathogenesis of the infection as it occurs in mice, andparticularly of 
the pneumonia. 
It has been shown that, with the technique adopted, the organisms 
reach the lower respiratory tract and the alveoli almost immediately. 
Positive cultures can be obtained from the trachea and alveoli during 
the first minute.  At the same time, the blood contains pneumococci 
which can be demonstrated in a third of all mice in the first 10 minutes 
and,  indeed, in  a  few-mice within the  1st  and  2nd  minutes after 
inoculation.  It seems probable that the organisms which enter the 
blood stream invade at more than one point in the respiratory tract. 
The lesion of the cervical nodes, the extreme rapidity with which the 
blood becomes positive, and the fact that the absorptive capacity of 
the olfactory mucosa is high (18) all point to an invasion in the upper 
respiratory tract; the fact that the organisms rapidly reach the bronchi 
and  alveoli,  and  previous work on  the  rapid  passage  of particles, 
fluids, and organisms from the alveoli into the tissues (30)  point to 
invasion in the lower respiratory tract.  No evidence has been forth- 
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would seem to exclude the possibility that the organisms are  phago- 
cytosed as they lie on the mucosal surface and enter the body inside 
these cells. 
An analysis of the protocols and total figures of the blood cultures 
in mice receiving intranasal instillation brings out evidence on two 
points.  In the first place, it is clear that the positive cultures during 
the first few minutes represent a bacteremia produced by the passage 
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culture of a mouse dead with pneumococcus Type III diluted as indicated.  Blood cul- 
tures taken at the intervals shown and grown in pneumococcus broth. 
of a  few organisms through the mucosa into the tissues and are of 
little, if any, import in the ultimate prognosis.  On the other hand, 
the later cultures represent a septicemia originating in an established 
focus which continues to pour organisms into the blood, and, with 
pneumococci in mice at least, foretells a  fatal outcome.  The early 
bacteremia may not occur with strains of pneumococci that are not 
invasive or with organisms such as  the meningococcus which does 
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biphasic type of curve in the occurrence of positive blood cultures is 
brought out very clearly when the pneumococci are injected into the 
peritoneum.  The protocols of such an experiment show in the higher 
dilutions smooth curves of a definite biphasic type with an early bac- 
teremia, a period of freedom, and finally, a septicemia from an estab- 
lished focus (Table VII).  It seems probable that such curves could 
be  obtained in  intranasal pneumococcus infections if  the  technical 
difficulties associated with small numbers of organisms could be over- 
come. 
The second point is  the relative lack of correlation between the 
degree  of  early  bacteremia  and  the  relative  susceptibility  of  the 
breed of mice as shown by the percentage mortality and the close 
correlation between the mortality rate and the late septicemia, sug- 
gesting a difference in susceptibility in these mice in the tissues of the 
internal organs or the body fluids rather than at the body surface. 
It had been thought during the early stages of this work that, since 
the evidence in the literature pointed against the possibility of pro- 
ducing pneumonia by a blood stream infection, the invasion through 
the upper respiratory tract must be of little importance in the patho- 
genesis of the pneumonia.  Our own later experiments, however, have 
demonstrated that, provided the strain of pneumococci and the breed 
of mice are chosen with the same care  as is used in the intranasal 
experiments, lesions can be produced by intravenous inoculation which 
resemble those produced by intranasal instillation. 
SUGARY 
Unprepared mice given intranasal  inoculations of certain strains 
of pneumococci develop pneumonia.  The proportion of inoculated 
mice which will show the pneumonia at autopsy is dependent upon the 
strain and type of organism and the breed of mice used.  It has been 
shown that, with the technique employed, the pneumococci reach the 
lower  respiratory  tract  and  alveoli  almost  immediately; moreover, 
that an invasion of the blood stream occurs very rapidly and can be 
demonstrated in a  third of mice during the first 10 minutes.  There 
is some evidence that invasion of the tissues and the blood stream may 
occur both through the upper respiratory tract, probably the nasal 
mucosa, and through the alveolar walls. ovorrxEY  xAr~  207 
It is  uncertain which  route  of invasion,  if either,  is  of the  most 
importance.  It  has been  possible  to  produce  pneumonia  by direct 
intravenous inoculation of pneumococci.  It may be that the pneu- 
monia is favored by a  reaction at the point of invasion through the 
alveolar  walls  in  the  intranasally  inoculated  mice,  but  the  results 
of the intravenous inoculation make it clear that such a  local lesion 
is unnecessary for the production of pneumonia in mice. 
It should be stated that neither the hematogenous pneumonia nor that pro- 
duced by intranasal instillation  (2) has any relation to the subacute and chronic 
lesions of the lung found in some untreated batches of mice as a  spontaneous 
infection.  The author is thoroughly familiar with this "spontaneous pneumonia" 
and has studied it.  Not only are the lesions described above and elsewhere (2) 
entirely different from those occurring in this spontaneous infection but this latter 
either does not occur in the inbred strains of mice used for the above studies, or 
occurs so rarely that it has not been seen in over 200 mice examined.  Strains of 
mice in which the lesions occur have not been used for these pathological studies. 
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EXPLANATION OF PLATES 
PLATE 15 
Fio. 1.  Hematogenous  pneumonia.  Great thickening of alveolar  walls with 
accumulation of leucocytes  and fluid  outside  the  alveolar  capillaries.  Eosin- 
methylene blue.  ×  100. 
FxG. 2. Hematogenous pneumonia.  Higher magnification showing infiltration 
of the alveolar walls.  Eosin-methylene blue.  ×  650. 
PLATE 16 
FIO. 3. Hematogenous  pneumonia.  The majority of alveoli in the field are 
filled  with  albuminous  fluid.  The  exudate  of  cells is  commencing.  Eosin- 
methylene blue.  ×  100. 
FI~. 4. Hematogenous  pneumonia.  Higher magnification showing the char- 
acter of the exudate within the alveoli.  Eosin-methylene blue.  ×  650 THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  63  PLATE  15 
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